Electronic devices and integrated systems are reduced to the size of micron and nanometer level and it becomes particularly important to predict the thermal transport properties of the components. Because of a unique structure and novel properties of carbon nanotubes (CNTs) have attracted significant attention. In this article, thermal transport properties of single wall CNTs (SWCNTs) are introduced. Combining equilibrium and nonequilibrium molecular dynamics with carbon potentials, we have studied the thermal conductivity of carbon nanotubes and its dependence on temperature. Phonon conduction depends on band gaps as well as thermal contact resistance of metallic CNTs, governed by phonon scattering and it shows evidence of 1-D quantization of the phonon band structure. We have studied here the thermal conductivity of single wall nanotubes dependence on chirality structure, dimensions of tubes, defects and vacancies in tubes. We found that the single wall carbon nanotubes have very high thermal conductivity comparable to diamond crystal and in-plane graphite sheet.
INTRODUCTION
The pursuit for reducing the size of electronic devices and integrated Nano-ElectroMechanical Systems (NEMS) provides the main driving force behind the research and technological advancement in nanotechnology. It is now broadly accepted that the thermal management issue in nano-sized devices becomes increasingly important as the size of the device reduces. Therefore, the thermal transport behaviors of nanomaterials plays substantially critical role in controlling the performance and stability of nano devices. Among various latent candidates for future nanoelectronics and various nanotechnology, carbon nanotubes (CNTs) have a unique position. Their remarkable properties, such as great strength, light weight, special electronic structures and properties and high stability, make carbon nanotubes the ideal material for a wide range of applications.
However, Single-wall carbon nanotubes (SWCNTs) have sparked great scientific and engineering interest because of their outstanding electrical and thermal properties. Consequently, they have been proposed for applications in integrated circuits (as transistors or interconnects) and in thermal management (as thermal interface materials) (Eric . The direct and quantitative measurement of thermal transport properties of individual nanotube is challenging, due to technological difficulties associated with nanoscale experimental measurements.
PHONON THERMAL TRANSPORT THEORY OF CNT
The transport of thermal energy in CNTs is assumed to be mainly related to a phonon conduction mechanism like to other metallic materials. The phonon conduction in nanotubes is influenced by several processes such as the number of phonon active modes, the boundary surface scattering, the length of the free path for the phonons and inelastic Umklapp-scattering (a harmonic phonon-phonon or electron-phonon scattering process). Thermal transport behaviors or conductivity of CNTs depends on an atomic arrangement, the diameter and length of the tubes, the number of structural defects and the morphology, as well as on the presence of impurities. Since the mechanism of the thermal energy conduction by phonons or electrons depends profoundly on the band gaps of materials, the thermal transport mechanism of CNTs is much dependent on chirality of CNTs which determines the size of their band gaps. The largest band gap (order of 1.5 eV) is found in nanotubes with (n, m) indices satisfying the condition: |n−m| ≠ 3p, where p is an integer. For other types of nanotubes, the band gap is considerably smaller in the case of armchair nanotubes (n = m). Thus, electronic contribution to the thermal conductivity will be significant in metallic CNTs with a small band gap (Dresselhaus 2010) . On the other hand, thermal conductivity of chiral CNT is mainly governed by phonon. Unlike phonon thermal conductivity, electron thermal conductivity of CNTs for metallic CNTs is seldom reported. Thermal conductance of metallic CNTs may be profoundly dominated by phonons rather than electrons. Moreover, thermal contact resistance at high bias voltage is significant property in thermal conduction. However, this is happened due to the fact that, the theoretical treatment of CNTs as purely metallic, whereas only a small fraction of the crystalline ropes of CNTs in the experiment will be metallic and contribute to thermal transport. Thermal transport characteristics of single wall CNT under temperature variability is evaluated for phonon interaction. A plot of best-fit thermal conductivity at every bias point versus average temperature can be obtained, as shown in Fig. 1 . It is carried out that the electrical characterization at various ambient temperatures from 250 to 400 K, the phonon thermal conductivity is therefore, deduced approximately from 300 to 800 K. This observed trend of the high-temperature thermal transport behavior in Fig. 1 is consistent with Umklapp phonon-phonon scattering, which gives an approximately 1/T temperature dependence.
However, more subtle effect should be noted at the upper end of the temperature range and that is a drop of the thermal conductivity at a higher rate than 1/T. This behavior is attributed to second-order three-phonon scattering processes, whose scattering rates are proportional to T, leading to a thermal conductivity that scales as 1/ (αT+βT2), Where, α and β are constants. But this has been observed in Si and Ge thermal transport behavior rather than CNT. The three phonon scattering process likely involves a harmonic interaction of two acoustic modes and one optical mode and the optical mode is raised significantly for metallic SWCNTs at high temperature. In this case phonon thermal conductivity suppresses electron thermal conductivity.
THERMAL TRANSPORT PROPERTIES OF SINGLE WALLED CARBON NANO TUBES

Vacancy and Defect concentration effect in thermal conductivity
The high value of thermal conductivity is for a pure and defect-free carbon nanotubes. However, nanotubes can have natural defects and vacancies where topological and vacancy defects are more severe in SWCNT. Topological defects like non-hexagonal carbon rings and vacancy-related defects can form during the nanotube growth process or after synthesis (JianweiChe 2000). In Fig. 2 (a), the thermal conductivities are calculated for various vacancy concentrations. It is shown that, the thermal conductivity decreases as the vacancy concentration increases. The vacancies should have much severe effects in one-dimensional (1-D) materials (carbon nanotubes can be thought of as a quasi 1-D wire) than in 3-D ones. The 1-D material like CNT get this vacancy effect probably for that, it has no strong valence double bond providing effective additional channels for phonons to bypass the vacancy sites. This probable bypassing could be present in 3-D materials. Similarly, conformational defects can also reduce the thermal conductivity significantly. One of the common conformation defects in nanotubes is where four hexagons change into two pentagons and two hexagons. Fig. 2 (b) shows how this conformational defect affects the overall thermal conductivity of single wall CNTs. However, compared with vacancies, the conformational defect is a major form of point defect. Besides phonons are scattered more as defect effects dominate which leads to less thermal transport in ambient temperature. Fig. 3 represents the measured thermal conductivity k of a SWCNT sample as a function of temperature from 350 K to 8 K. From 350 K to 40 K, k decreases smoothly with decreasing temperature with very little curvature. The inset to Fig. 3 shows the low-temperature behavior. Thermal transport parameter, k (T) changes slope Near 30 K where below this temperature, k (T) is strictly linear with temperature rising and extrapolates to zero at T=5K. This behavior is identical in all types of carbon nanotube samples but the intrinsic nature in thermal transport in nanotube bundles is significant. Moreover, the practical temperature dependent thermal conduction is deviated from the theoretical value due to irregular geometry of nanotube. 
Temperature dependent intrinsic thermal transport
Thermal conductivity in various chirality of CNT
The phonon thermal conductivity of a CNT was found to have dependence on its chirality. Using the homogeneous non-equilibrium Green-Kubo method, the temperature dependences of the thermal conductivities of (11, 11), (20, 0), (10, 13) nanotubes with nearly equal radii were calculated. As shown in Fig. 4 , the thermal conductivities of three types of nanotube according to chirality are counted to have similar temperature dependence. In the range from 100 to 400 K, the conductivity of the (11, 11) nanotube was lower than that of the (20, 0) nanotube, while the (10, 13) nanotube showed lower values of thermal conductivity compared with other types of nanotubes 
Effect of different diameter of CNT in thermal transport
It is well known to account that CNTs are characterized by a large aspect ratio and a huge surface area. Structure size of CNTs is particularly important because the phonon mean free paths in nanotubes are thought to be relatively long. At low temperature, SWCNT samples exhibit a linear thermal conductivity, K (T), strongly suggesting quantization effects. Measuring the K (T) of SWCNT samples with varying diameters: the phonon subband splitting is higher in smaller-diameter tubes, so that the linear K (T) behavior should extend to the higher temperature. 5 shows the thermal conductivity divided by temperature (K/T) of two nanotube samples with diameter of 1.2 nm and 1.4 nm. In both samples, K/T approaches a constant value at low T (temperature), just as is expected for 1-D channels. At higher temperatures, K/T increases like somewhat expotentially, as more phonon modes introduce.
In the 1.2-nm diameter sample, the upturn in K/T occurs almost 5 K higher than in the 1.4-nm diameter sample.
Effect of different length of CNT in thermal transport
The dependence on sample size (L) is also eliminated at high temperatures, when the thermal conductivity is limited by phonon-phonon scattering rather than by scattering with the sample boundaries. Fig. 6 depicts the estimated thermal conductivity versus temperature for SWCNTs of various lengths, demonstrating sensible agreement with thermal transport behavior. However, this study shows empirical findings of the SWCNT thermal conductivity in the 0.5-10 µm length range and the 100-800 K temperature range. These phenomena can be explained by the variable ratio between the phonon mean free path and the CNT length. Figure 6 . Analytic plot of the intrinsic thermal conductivity over the 100-800 K temperature range for various length of SWCNT. The length dependence is included heuristically with a simple scaling argument.
Based on these results, the thermal transport behavior is expected to become constant when the tube length is much longer than the mean free path of energy-carrying phonon and also the different behaviors at low and high temperatures.
Thermal conductivity of SWCNT compared to 2-D graphene sheet and 3-D graphite
The observed thermal conductivity of SWCNT displays a temperature dependence that is different from that of graphite with noticeable manner, even though both materials are composed of graphitic sheets. Fig. 7 shows three types of carbon device: Comparison of calculated thermal conductivity of nanotubes, single plane of graphene and 3-D graphite. In graphite, when graphene layers are stacked in graphite, the interlayer interactions quench the thermal transport magnitude by nearly 1 order of magnitude. It is likely that the same process occurs in nanotube bundles. Thus, it is significant that the coupling between tubes in bundles is weaker than expected and it may be an advantage for thermal applications. In high-quality graphite, thermal conductivity, which is dominated by acoustic phonons, varies up to 150 K, at which point phonon-phonon Umklapp scattering causes k to decrease rapidly with increasing T. pure graphite samples can have a thermal conductivity near 6000 W/m-K at the peak and 2000 W/m-K at room temperature. 
Thermal conductivity of SWCNT according to thermal contact resistance
The electrical contact resistance of SWCNT is the order of 10-100 kΩ with adjustable parameter Rc. It is assumed that, Rc is temperature dependent and used Pt electrode is isothermal. This mainly affect the slope of I-V curve at low bias. And quantum contact resistance is adjusted in series connection. It is usually happened due to intrinsic photonlimited resistance of SWCNT. The thermal contact resistance is the order of 5-10× 106K/W by introducing Neumann boundary conditions in the heat conduction equation:
kLA (dTL / dx) = (TL− T0) / RC, Th (1) Where, the subscript 'L' denotes the nearest point at the left electrode contact and 'T0' is the room temperature of the electrode (e.g. 300K). The aforementioned boundary condition introduces a little temperature drop at electrode junction, which is proportional to the thermal contact resistance and heat flux. Thenumericalvalueofthethermal contact resistance,asmentioned above, isconsistent with theareaofthethermalcontactand with thetypicalsolid-solid thermal resistance perunitarea. Also, in heat transport, relative contribution of electrons and phonons along the single wall nanotube can be estimated by Wiedemann-Franz law. Electron thermal conductivity can be expressed as:
) Where, Lorenzconstant, L0= 2.45× 10-8WΩK-2. Eq. 2can also be expressed with respect to thelength'L',cross-sectionalarea 'A',and theelectrical resistance 'R'. Fig.8 compares the thermal conductivity due to electrons (solidlines) estimated from Eq. 2 under electrical resistanceat low and highbiasconditions. The phonon thermal conductivity (dashed lines) is sufficiently high than electron thermal conductivity under same biasing condition. The Wiedemann-FranzLawis best applied when transport is dominated byelasticscattering. 
CONCLUSION & FUTURE PERSPECTIVE
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